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INTRODUCTION
Immunotherapy abrogating immune regulatory molecules represents a new and promising strategy to induce tumor regression and to improve survival in cancer patients. Tremelimumab and ipilimumab are two fully human monoclonal antibodies (mAbs) selectively blocking cytotoxic T-lymphocyte antigen 4 (CTLA-4), hereafter, anti-CTLA-4 mAbs, an immune-inhibitory protein expressed on activated T cells.
Tremelimumab (formerly CP-675,206; Pfizer Inc., New York), a fully human IgG 2 mAb, produced response rates of 7%-15% in initial clinical trials in patients affected by various cancers (including melanoma) [1] . Conversely, in a large phase III study in 665 patients affected by advanced or metastatic melanoma (mM) and randomized to receive tremelimumab (15 mg/kg every 12 weeks) or standard chemotherapy (dacarbazine or temozolomide), the overall survival times and response rates were similar in the two arms [2] . Currently, tremelimumab is under study for the treatment of patients with several types of advanced malignancy [1] .
Ipilimumab (formerly MDX-010; Bristol-Myers SquibbMedarex, New York, and Princeton, NJ), a fully human IgG 1 mAb, resulted in cancer regression in ϳ15% of patients with mM in early clinical trials. In a randomized phase III trial, ipilimumab showed the first-ever overall survival benefit for patients with previously treated mM [3] , leading to its approval by the U.S. Food and Drug Administration (FDA). Superior overall survival outcomes and response rate were also seen in previously untreated mM patients who received ipilimumab plus dacarbazine, when compared with those receiving dacarbazine alone [4] . In addition, promising results have been reported from phase II studies in patients with advanced or metastatic renal cell carcinoma (mRCC) and prostate cancer (mPC) [5, 6] . Trials evaluating ipilimumab as neoadjuvant or adjuvant therapy in patients who have undergone radical surgery for melanoma are ongoing [7] . The most common adverse events (AEs), affecting Ͼ10% of patients treated with anti-CTLA-4 mAbs, were diarrhea, rash, pruritus, fatigue, nausea, vomiting, and abdominal pain. However, a novel spectrum of autoimmune-inflammatory toxicities, different from those classically encountered with chemotherapy and even other forms of immunotherapy, has emerged following the administration of these agents. The pathogenic mechanism of these new AEs seem to be sustained by the positive modulation induced by anti-CTLA-4 mAbs on the immune system, and they are defined as immune-related AEs (IRAEs) [8 -11] . The gastrointestinal tract, liver, skin, and anterior pituitary are more frequently involved with these IRAEs (Table 1) . Rarer IRAEs include thyroiditis, primary adrenal insufficiency, polyneuritis, Guillan-Barré syndrome, optic ischemic or peripheral neuropathy, episcleritis or uveitis, polyarthritis or arthralgias, pneumonitis, pancreatitis, aseptic meningitis, nephritis, RBC aplasia, myocarditis, myastenias gravis, sarcoidosis, and myositis [12] . The frequency and severity of IRAEs seem to be dose dependent [12, 13] .
Most AEs and IRAEs induced by anti-CTLA-4 mAbs are mild to moderate, and patients recover following brief medical treatments of symptoms. More severe toxicities, particularly grade 3-4 toxicities, such as diarrhea, colitis, hepatitis, diverticulitis, and hypophysitis (Table 2) , have been reported [8 -10, 14, 15] .
In a pooled analysis of 325 patients who received ipilimumab (10 mg/kg), drug-specific AEs were reported in 84.6% of patients [16] . IRAEs occurred in ϳ72% of patients. Grade 3-4 IRAEs were reported in ϳ25% of cases, mainly in the gastrointestinal tract (12%), liver (7%), skin (3%), and endocrine system (E-IRAEs) (3%).
Similar results were observed in an analysis of safety of six clinical trials involving 786 patients treated with 15 mg/kg tremelimumab [14] . Treatment-related AEs (mainly grade 1 or 2) were reported in 79% of patients; in 23% of cases, AEs were grade Ն3. The most common AEs of any grade included diarrhea (40%), rash (23%), fatigue (23%), pruritus (22%), and nausea (21%). Thyroid abnormalities were reported in 2.4% of patients, whereas hypophysitis or adrenal insufficiency occurred in Ͻ1%.
Occasionally (ϳ1%), deaths have occurred as a result of colonic perforation both with tremelimumab and ipilimumab [2, 17, 18] .
Different IRAEs seem to manifest at distinct times after starting the drug. Skin IRAEs have an earlier onset (3-4 weeks) than those involving the gastrointestinal tract and liver (6 -7 weeks). E-IRAEs become apparent even later (9 weeks) [16] . The times to recovery or improvement after drug withdrawal also differ: a median of 2 weeks for gastrointestinal symptoms, 4 weeks for liver toxicity, 6 weeks for skin toxicity, and longer (median, 20 weeks) for E-IRAEs [13, 16] . Importantly, the treatment of IRAEs with immunosuppressive agents, such as corticosteroids, does not appear to affect the antitumor response [12] .
In several large analyses, the presence of grade 3-4 IRAEs correlates with higher rates of clinical response, and among clinical responders IRAEs are more frequent [8, 19 -22] . However, high-grade IRAEs are not required for a clinical response, nor is a clinical response always associated with a high-grade IRAE [23] . In addition, these associations are likely biased by the longer period of exposure in patients experiencing a clinical benefit than in patients who worsen or die early [24] . Presently, reliable predictive factors of response and toxicity following treatment with anti-CTLA-4 mAbs are lacking.
HYPOPITUITARISM AND HYPOPHYSITIS NOT RELATED TO ANTI-CTLA-4 mAbs
Hypopituitarism is thought to be an infrequent disease, with an incidence of 4.2 cases per 100,000 per year, and it increases with age [25] . Hypophysitis is among the rarest causes of hypopituitarism [25] .
Different classifications of hypophysitis have been proposed based on the anatomical areas damaged in the gland, the etiology, and the histopathological findings (Table 3) [26, 27] .
Hypophysitis can be classified as adenohypophysitis, infundibuloneurohypophysitis, or panhypophysitis depending on whether it involves the anterior lobe, the posterior lobe and the stalk of the gland, or both [26] . Small et al.
[71] mPC (n ϭ 14) I 3 mg/kg single dose 0 0 Grade 3 or 4 asthenia, n ϭ 1 (7.1%); pain, n ϭ 1 (7.1%); rash, n ϭ 1 pt (7.1%)
Yang et al. [5] mRCC (n ϭ 61) I 3 mg/kg 3 1 mg/kg or all doses at 3 mg/kg every 3 wks Grade 3 or 4 hypopituitarism, n ϭ 2 (3.3%)
Grade 3 or 4 primary adrenal insufficiency, n ϭ 1 (1.6%)
All patients: grade 3 or 4 enteritis/colitis, n ϭ 17 (28%); skin, n ϭ 1 (1.6%); arthralgia, n ϭ 1 (1.6%); aseptic meningitis, n ϭ 1 (1.6%)
Weber et al. [21] Unresectable stage III or IV melanoma (n ϭ 88) The etiological classification identifies primary and secondary forms. Primary hypophysitis, the most common form, has an autoimmune pathogenesis with no obvious causative agent [26] . It may occur as an isolated disease or as part of a multiorgan syndrome (i.e., polyglandular autoimmune syndromes and IgG-related systemic disease) [27] . Secondary hypophysitis includes local and systemic disease, with a clearly identified etiological agent. For local disorders, inflammation of the pituitary appears as a reaction to a sellar disease (i.e., Rathke's cleft cyst, craniopharyngioma, germinoma, and pituitary adenoma). For systemic diseases, hypophysitis stems from the involvement of different organs by infectious or inflammatory disorders (e.g., Wegener's granulomatosis, sarcoidosis, tuberculosis, or syphilis).
On pathology, two common forms of hypophysitis (lymphocytic and granulomatous) and three rarer variants (xanthomatous, necrotizing, and plasma cell rich) are recognized (Table 3 ) [27] . Lymphocytic hypophysitis (LYH), often referred to as autoimmune hypophysitis (AH), is the most common. The clinical features of ϳ500 patients with primary hypophysitis have been reported so far [28] . The exact incidence is unknown and likely underestimated [29] . LYH/AH is mostly seen in striking temporal association with pregnancy or postpartum, but it may also occur in women irrespective of pregnancy, in males, and in children [26, 27] .
LYH/AH is characterized by dense diffuse lymphocytic infiltration of the pituitary that may be organized in lymphoid follicles. Plasma cells are also common, whereas eosinophils, macrophages, and neutrophils are rarer. In a small percentage of patients in whom a biopsy specimen was obtained (4%), mixed lymphocytic and granulomatous lesions were found in the anterior pituitary [26] . These features are thought to repre- Grade 3 alveolitis, n ϭ 1 (3.6%); hepatitis, n ϭ 1 (3.6%)
Ansell et al. [74] Relapsed or refractory B-cell NHL (n ϭ 18) I 3 mg/kg 3 monthly 1 mg/kg ϫ 3 mos (dose level 1), 3 escalation to 3 mg/kg monthly ϫ 4 mos (dose level 2)
Grade 1 or 2 hypophysitis, n ϭ 1 (6%) 0 Grade 3 diarrhea, n ϭ 5 (28%); fatigue, n ϭ 1 (6%); neutropenia, n ϭ 1 (6%)
Hodi et al. [3] Pretreated unresectable stage III or IV melanoma (n ϭ 676) III 3 mg/kg every 3 wks for 4 doses with or without gp100 versus gp100 alone Grade 3 hypophysitis, n ϭ 2 (1.5%) in ipilimumab arm; n ϭ 2 (0.5%) in combination arm; n ϭ 0 in gp100 arm; hypopituitarism, n ϭ 3 (2.3%) in the ipilimumab arm, n ϭ 3 (0.8%) in the combination arm Grade 3 or 4 hypothyroidism, n ϭ 2 (1.5%) in ipilimumab arm, n ϭ 6 (1.6%) in combined arm, n ϭ 2 (1.5%) in gp100 arm; adrenal, n ϭ 2 (1.5%) in ipilimumab arm, n ϭ 3 (0.8%) in combination arm Endocrine IRAEs are globally reported: grade 3 or 4, 0.3 mg/kg, n ϭ 0; 3 mg/kg, n ϭ 2 (1%); 10 mg/kg, n ϭ 1 (0.5%); in the 3-mg/kg group, hypopituitarism was reported among reasons for stopping treatment.
Grade 3 or 4 GI events: 10 mg/kg, n ϭ 11 (5%); 3 mg/ kg, n ϭ 2 (1%); 0.3 mg/kg, n ϭ 0; liver: 10 mg/kg, n ϭ 2 (1%); 3 mg/kg, n ϭ 3 (1.4%); 0.3 mg/kg, n ϭ 1 (0.5%); others, n ϭ 2 (1%).
Hodi et al. [77] Unresectable stage III or IV melanoma (may or may not be pretreated, n ϭ 21) I 10 mg/kg every 3 wks ϫ 4 3 every 3 mos ϩ bevacizumab 7.5 mg/kg (cohort 1) or 15 mg/kg (cohort 2) every 3 wks Hypophysitis (grade not specified), n ϭ 3 (14%) Thyroiditis (grade not specified), n ϭ 4 (19%)
Grade 3 or 4 hepatitis, n ϭ 2 (9.5%); bilateral uveitis, n ϭ 2 (9.5%); giant arteritis, n ϭ 1 (4.8%); grade 2 colitis, n ϭ 2 (9.5%) Grade 3 diarrhea, n ϭ 2 (7.4%); transaminitis, n ϭ 1 (3.7%); grade 4 pancytopenia, n ϭ 1 (3.7%)
Abbreviations: ADC, adenocarcinoma; ANA, antinuclear Ab; anti-CTLA-4, anti-cytotoxic T lymphocyte antigen 4; CB, clinical benefit; DLT, dose-limiting toxicity; DTIC, dacarbazine; GI, gastrointestinal; GVAX, granulocyte-macrophage colony-stimulating factor (GM-CSF) gene-transfected tumor cell vaccine; HLA, human leukocyte antigen; IL-2, interleukin 2; IPI, ipilimumab; IRAE, immune-related adverse event; MAA, melanoma-associated antigen; MART-1, melanoma antigen recognized by T-cells-1; mHRPC, metastatic hormone-refractory prostate cancer; mM, metastatic melanoma; mRCC, metastatic renal cell carcinoma; NHL, non-Hodgkin's lymphoma; NR, not reported; RS, retrospective study; SAE, serious adverse event.
sent different stages of the same disease, rather than a granulomatous form of hypophysitis [26] . In some studies, the predominant lymphocytic subpopulation is represented by cytotoxic T lymphocyte (CD8 ϩ ) cells, suggesting that T cellmediated cytotoxicity is critical in the pathogenesis of the disorder [30] . Several other aspects appear to indicate that this condition results from an autoimmune process. Almost 30% of LYH/AH patients have a coexisting autoimmune disease, such as Hashimoto's thyroiditis, Addison's disease, type 1 diabetes, or pernicious anemia [26, [31] [32] [33] [34] . LYH/AH is considered a component of type 1 polyglandular syndrome [26, [31] [32] [33] , and the association of LYH/AH with pregnancy has been proposed as further circumstantial evidence supporting an autoimmune pathogenesis [35] [36] [37] . In a limited number of animal studies, lymphocytic infiltrates in the pituitary are seen after injections of pituitary extracts [26, 27, 38, 39] . Several candidate pituitary autoantigens (growth hormone, ␣-enolase, pituitary gland specific factor 1a and factor 2, secretogranin II) have been proposed, but the pathogenic role of these antigens remains to be elucidated [26, 31, 32 ].
The precise mechanisms by which infiltrates cause loss of function or destruction of the pituitary cells or impairment of vasopressin release have yet to be discovered. It has been suggested that LYH/AH may progress through different stages. Initially, the pituitary is inflamed, edematous, enlarged, and infiltrated by lymphocytes, thus producing mass-effect symptoms [26, [31] [32] [33] [34] [35] . During this phase, endocrine tests may reveal subclinical hypopituitarism. Once the inflammation resolves, either spontaneously or with the aid of glucocorticoids, and the pituitary parenchyma remains intact, clinical remission may occur. As inflammation progresses, infiltrating cells disrupt the normal architecture, eventually leading to destruction of the parenchyma that is replaced by fibrotic tissue and becomes atrophic. A similar pattern has been reported in a mouse model of LYH [40] . Permanent partial hypopituitarism or panhypopituitarism may be the clinical consequence, depending upon the extent of damage to the different components of the pituitary gland [26] .
Usually, LYH/AH is confined to the anterior pituitary, with symptoms such as headache (53%) and impaired vision (43%). Hypopituitarism is present in 44% of patients and, in contrast to other forms of hypopituitarism, is more commonly associated with a deficit of adrenocorticotropic hormone (ACTH) (56%), followed by a deficit of thyroid-stimulating hormone (TSH) (49%), gonadotropins (52%), and growth hormone (GH) (39%) [26] . Hypoprolactinemia (23%) or hyperprolactinemia (11%) may be seen, depending on whether the damage involves prolactin-producing cells or stalk, respectively [34] . Diabetes insipidus (DI) is less common (1%) and is related to involvement of the posterior pituitary [26, [31] [32] [33] [34] [35] . Occasionally, hypophysitis may primarily involve the infundibulum and posterior pituitary, causing intracranial mass-effect symptoms, DI, and hyperprolactinemia. In these cases, anterior pituitary function is usually preserved [26, 29, [31] [32] [33] [34] [35] 41] .
As a result of the enlargement of the gland, headache together with visual field impairment are usually recognized as "sentinel symptoms" at disease onset, followed by hormone function disorders. ACTH deficiency is considered the earliest functional alteration in LYH/AH and is the most frequent "isolated" pituitary hormone deficiency [42] . These aspects appear to suggest that antigen(s) targeted by the immune system to trigger autoimmune reactions reside within the corticotroph cells. However, isolated ACTH deficiency may also be observed in the absence of LYH/AH, and isolated deficiencies of other anterior pituitary hormones have been described in LYH/AH patients [43] [44] [45] . The greater frequency of ACTH deficiency may simply represent an ascertainment bias, because these patients may come to medical attention more than those with other adenohypophyseal hormone deficiencies because of the more evident symptomatology [26] .
Similarly to symptoms, the imaging features of LYH/AH are not specific [34, 46] . Computed tomography and magnetic resonance imaging (MRI) typically reveal a diffuse enlargement of the pituitary gland with loss of normal signal intensity of the posterior pituitary on precontrast images and variable enlargement of the infundibulum. Enhancement is usually uniform, may also be heterogeneous, and may be delayed or even absent in the posterior pituitary area [46, 47] .
Currently, the diagnosis of LYH/AH requires pathological analysis. However, a presumptive clinical diagnosis can be based on the history of gestational or postpartum hypopituitarism, a contrast-enhancing sellar mass, a pattern of pituitary hormone deficiency with early loss of ACTH and TSH, relatively rapid development of hypopituitarism, and a degree of pituitary failure inconsistent with the size of the mass [26, 48] . Approximately 30% of patients with clinically suspected LYH/AH are diagnosed by combining symptoms and laboratory and radiological findings [28] . Current immunological tests for LYH/AH, particularly immunofluorescence for antipituitary antibodies, offer good sensitivity but lack adequate specificity, and therefore are of limited value in the diagnosis [49] . The natural history of LYH/AH is variable [26 -28] . Most patients show improvement in symptoms after mass-reducing treatment (pituitary surgery or high-dose glucocorticoids), but the majority (72%) require some form of long-term hormone replacement. Approximately 4% may improve spontaneously without treatment. When an MRI follow-up was available, reduction or complete disappearance of the initial pituitary mass was demonstrated in 88% of cases, no significant change was seen in 12% of patients, and 10% of these patients developed an "empty sella." Unfortunately, it is estimated that 7% of patients affected by LYH/AH die presumably as a result of irreversible and unrecognized adrenal insufficiency [26 -28] .
CLINICAL FEATURES OF HYPOPHYSITIS INDUCED BY ANTI-CTLA-4 mAbs
The incidence of hypophysitis induced by anti-CTLA-4 mAbs (hereafter, anti-CTLA-4 -IH) varies considerably (Table 1) , reported in 0%-17% of treated melanoma patients [50] . However, accumulating clinical experience demonstrates that this side effect also occurs in patients with solid tumors of various types, including kidney and prostate cancer [51] .
In a trial on 46 patients with mM treated with various doses of ipilimumab, eight patients (17%) experienced hypophysitis, with the majority of cases in patients on the higher drug dose regimen (9 mg/kg) [15] . In a previous study with lower doses of the drug (1-3 mg/kg), a lower incidence of hypophysitis (1.8%) was reported [52] .
In a study on 139 subjects with mM receiving ipilimumab at a dose of 1-3 mg/kg every 3 weeks with or without peptide vaccine, screening for E-IRAEs with measurements of ACTH, TSH, cortisol, and free T4 at each cycle of therapy was required [20] . Enterocolitis and hypophysitis were the most common grade 3-4 IRAEs (17% and 9%, respectively). LYH/AH was clinically diagnosed by Yang et al. [5] in two of 61 patients (3.3%) affected by mRCC who received ipilimumab (1-3 mg/kg every 3 weeks).
In another study on 163 patients with mM or mRCC treated with ipilimumab (3-9 mg/kg every 3 weeks), alone or in combination with another type of immunotherapy, hypophysitis was diagnosed in eight patients (4.9%) [53] . Recently, two cases of hypopituitarism, presumably resulting from hypophysitis, were described in patients submitted to experimental treatment with ipilimumab for mPC [50] .
In the large phase III trial that led to the FDA approval of ipilimumab, in which 676 pretreated patients affected by unresectable stage III or IV melanoma received the drug as a single agent or in combination with gp100 versus gp100 alone, grade 3 hypophysitis was reported in both groups receiving ipilimumab. The incidences of hypophysitis were 1.5% in the combination group (two of 380 patients) and 0.5% in the single-agent arm (two of 131 patients), with no cases in the gp100 arm [3] . Conversely, no cases of hypophysitis were reported in a phase III trial evaluating dacarbazine with and without ipilimumab in treatment-naïve patients with mM, in a phase II trial evaluating chemotherapy with and without ipilimumab in patients with non-small cell lung cancer, and in one of two expanded access programs to ipilimumab administered at conventional dosages in patients with mM, both in the induction and maintenance phases, with the incidence of this AE being 4% in the other trial (Table 1) [4, 22, 54, 55] .
Tremelimumab (15 mg/kg) has been reported to induce hypophysitis in 0.4%-2.5% of patients (Table 1) [2, 10, 14, 18] .
In contrast to other forms of LYH/AH, patients who experience anti-CTLA-4 -IH are mostly male. These patients usually present with nonspecific symptoms such as headache, visual impairment, fatigue, weakness, confusion, memory loss, erectile dysfunction and loss of libido, anorexia, labile moods, insomnia, temperature intolerance, subjective sensation of fever, and chills [5, 13, 20, 50] . The onset of symptoms usually occurs after 2-6 months of treatment. Contrast-enhanced MRI shows marked enlargement of the pituitary gland, often with thickening of the hypophyseal stalk. In some cases, the pituitary gland enhances homogeneously, whereas in other cases there is heterogeneous enhancement. Levels of ACTH, cortisol, TSH and/or free T4, GH, prolactin, insulin-like growth factor I, follicle-stimulating hormone, luteinizing hormone, and testosterone are variably altered, indicating different degrees of hypopituitarism [52] . Very rarely DI has been reported.
Similar to classic primary LYH/AH, the treatment used for anti-CTLA-4 -IH is high-dose corticosteroids, slowly tapered as symptoms and hormone tests improve (Fig. 1) . Almost all patients who developed anti-CTLA-4 -IH experience clinical resolution of acute symptoms in a few days following withdrawal of the study drug and starting of corticosteroids [53] . The efficacy of corticosteroids is confirmed by the rapid shrinkage of the pituitary gland on MRI. However, pituitary function may be impaired for a longer period of time. Moreover, the duration of replacement therapy with physiological glucocorticoid dosages (mean, 20 weeks) may be considerably longer or even be life long [13, 16, 51] . Hypopituitarism is the only potentially irreversible IRAE induced by anti-CTLA-4 mAbs [56] . In particular, the hypothalamic-pituitary-gonadal and hypothalamic-pituitary-thyroidal axes frequently recover, but only a few patients can discontinue glucocorticoid replacement [50, 51] . At the onset of anti-CTLA-4 -IH, it is impossible to predict which patients will develop persistent hypopituitarism.
The protective role of corticosteroids in reducing the incidence and severity of anti-CTLA-4 -IH remains to be explored. In anti-CTLA-4 mAb-induced colitis, preventive administration of budesonide was not found to reduce the incidence of this IRAE. Surprisingly, hypopituitarism was apparently more frequent in the group receiving budesonide (6.9% versus 3.5%) [57] . High-dose corticosteroid treatment (and replacement therapy) does not appear to decrease the antitumor effects of CTLA-4 blockade [12] . When indicated, retreatment with ipilimumab after suspension because of hypophysitis seems to be safe [12] .
DISCUSSION
LYH/AH is emerging as a not so uncommon IRAE of anti-CTLA-4 mAbs. Selective deficit of pituitary hormones may be induced by various anticancer treatments [58, 59] . Usually, the clinical onset of these endocrine AEs (E-AEs) is not acute and they progress subclinically [58, 59] . The spectrum of E-AEs experienced by patients treated with anti-CTLA-4 mAbs includes hypopituitarism, primary thyroid disease, and primary adrenal insufficiency. These side effects have been occasionally found in the same individual. The pathogenic mechanism of these E-AEs seems to be related to autoimmunity [5, 8, 15, 17, 21] . The prevalence of this autoimmune hypophysitis is variable among different studies (0%-17%) [50] . Autoimmune hypophysitis has never been reported to be a consequence of exposure to other classes of anticancer drug. However, reversible or irreversible hypopituitarism may be a side effect following treatment with other immunomodulatory drugs, such as interferon-␣ [60 -62] . A case of granulomatous adenohypophysitis occurring after treatment with interferon␣2b and ribavirin for hepatitis C was reported [63] . Another patient affected by hepatitis C experienced central hypothyroidism during treatment with pegylated interferon-␣ and ribavirin and a clinical diagnosis of hypophysitis was made [64] .
The clinical presentation of LYH/AH (or other forms of hypophysitis) is similar to that of any expanding sellar mass. In healthy individuals, LYH/AH is suspected if symptoms appear in temporal relationship with pregnancy and postpartum. Similarly, the diagnosis should be considered when symptoms occur in cancer patients under treatment with anti-CTLA-4 mAbs. Simple clinical guidelines for diagnosis and treatment can be routinely adopted (Fig. 1) .
Patients who need to receive anti-CTLA-4 mAbs should be carefully educated on the importance of their vigilance in early detection and prompt reporting of symptoms potentially related to IRAEs, and that these symptoms may occur weeks to months after the start of treatment. In these patients, TSH, free T4, serum electrolytes, serum glucose, and blood cell counts should be assessed before initiating treatment and before each cycle. If the patient develops symptoms such as headache, nausea, vomiting, lethargy, or constipation, the drug should be withheld and tests, including morning cortisol, should be redone. In addition, when anti-CTLA-4 -IH is suspected, referral to an endocrinologist or even admission to a hospital, if clinically indicated, is advisable. In these cases, a pituitary protocol MRI scan should be performed to evaluate for hypophysitis and complete pituitary function should be assessed (Fig. 1) .
High-dose glucocorticoid therapy is the most widely used treatment for anti-CTLA-4 -IH. If high-dose glucocorticoids are initiated, a suggested regimen is 4 mg dexamethasone every 6 hours for 7 days, followed by a gradual tapering to 0.5 mg daily and then a change to prednisone or hydrocortisone at replacement doses under the guidance of an endocrinologist [65] . A brief interruption of anti-CTLA-4 therapy may be warranted during the acute stage of hypophysitis. However, once hypophysitis resolves with appropriate treatment and adequate hormone replacement has been tailored, rechallenge with the anticancer treatment should be considered, providing that the anti-CTLA-4 therapy may prolong survival in a patient with an otherwise fatal malignancy. Clearly, this decision should be made on an individual case basis. If the agent is restarted, close monitoring of pituitary function should be done [65] .
Several issues concerning anti-CTLA-4 -IH remain to be fully elucidated. The exact incidence of this and other EIRAEs, the reason for the unusually high prevalence in males, and the role of CTLA-4 gene polymorphisms, which are known to correlate with the development of autoimmunity, need to be better clarified in larger studies. Also, the lower incidence of anti-CTLA-4 -IH in patients exposed to tremelimumab than in those exposed to ipilimumab remains to be confirmed. In addition, although tumor regression has been frequently associated with IRAEs, correlation between tumor response and the incidence and severity of IRAEs needs to be defined using an appropriate analytical approach [24] .
Of major importance, the exact immunologic mechanisms responsible for both anti-CTLA-4 -induced tumor regression and IRAEs have not been clearly explained. It was initially suggested that anti-CTLA-4 mAbs may act by depleting Tregulatory cells (T-regs) [19] . In another study, the antitumor and autoimmune effects were a result of the direct activation of CD4 ϩ CD8 ϩ effector cells [15] . Although CD8 ϩ cytotoxic T lymphocytes are likely to play a major role, the exact tumor and tissues antigen(s) involved in the tumor response and toxicity are unknown. It is still unclear whether the effects are a result of T cells specifically acting against antigens shared by tumor and normal cells or a result of concomitant activation of multiple populations with separate antihost and antitumor activities [8, 19, 20, 66] . Melan-A, an antigen shared by mela- noma cells and normal melanocytes, has been associated both with tumor regression and with immune-related skin reactions [66] . In a patient affected by mM and treated with ipilimumab, marked melan-A-specific T-cell reactivity in tumor and skin tissue was found, with CD8 ϩ T cells localized to nevi and a simultaneous increase in melan-A-specific CD8 ϩ T cells in the peripheral blood [66] .
It has been hypothesized that anti-CTLA-4 -IH may be induced by antibodies directed against the pituitary gland [53] , but the presence of antipituitary antibodies in patients who receive anti-CTLA-4 mAbs remains to be demonstrated.
To the best of our knowledge, the diagnosis of anti-CTLA-4 -IH has always been made by clinical, laboratory, and radiological data. No patient has undergone a pituitary biopsy. Indeed, biopsy of the pituitary gland in cancer patients suspected of having developed anti-CTLA-4 -IH raises a series of ethical issues, and it is not necessary either for diagnosis or for treatment. Nonetheless, this remains the only way to obtain essential information to improve our knowledge on the pathophysiology of this IRAE. Pituitary autoimmunity is a complex and incompletely defined spectrum of clinical conditions [26] , ranging from histologically proven forms of LYH/AH to the presence of pituitary antibodies in apparently healthy individuals [28] . Interestingly, Mirocha et al. [67] observed two distinct entities of primary LYH that can be distinguished on the basis of the prevalence of T-regs or T-17 helper lymphocytes (THL-17). One of these entities, in agreement with the classical description of LYH/AIH, demonstrates an autoimmune process with THL-17 dominance and lack of T-regs. The other one appears as a process in which T-regs control the immune response, which may not be self-targeted but foreign targeted (infective agents?). Hypophysitis triggered by an immune homeostatic process should not be treated with immunosuppression, whereas autoimmune-sustained hypophysitis may benefit from it [67] . Patients with anti-CTLA-4 -IH usually benefit from corticosteroids and this ex juvantibus criterion, together with other clinical aspects, may indirectly confirm its autoimmune pathogenesis. The potential of the precautionary use of steroids in reducing the long-term sequelae of this E-IRAE, especially in preventing prolonged substitutive treatment, still remains to be evaluated.
Because the hurdles in defining the histological characteristics of anti-CTLA-4 -IH persist, anti-CTLA-4 -IH offers a unique opportunity to assess the fluctuation of the available pituitary antigens and relative antibodies, with the aim to improve their reliability as diagnostic and predictive tools. Pituitary antigens and antibodies could be monitored in a homogeneous cohort of patients with a specific disease and known pituitary-damaging agents, such as anti-CTLA-4 mAbs, at baseline, before each cycle of treatment, and during follow-up. Such a study would offer the possibility of defining a series of important clinical, laboratory, and radiological correlations, including refinement of the diagnosis and the real incidence of anti-CTLA-4 -IH, the potential existence of a subclinical form of anti-CTLA-4 -IH, the impact (if any) of this syndrome on the quality of life of patients, and the possible predisposition of a subgroup of these patients to develop anti-CTLA-4 -IH and other E-AEs. This approach appears even more logical in light of recent data regarding the predictive role of antibodies to thyroglobulin and thyroperoxidase and the TSH receptor in the development of thyroid autoimmune disease [68] . Similarly, in a population of patients with autoimmune polyendocrine syndrome, measurement of antipituitary antibodies allows the identification of patients at higher risk for developing pituitary autoimmune dysfunction [49] .
CONCLUSIONS
Hypophysitis is an infrequent IRAE triggered by anti-CTLA-4 mAbs. Because the clinical suspicion of anti-CTLA-4 -IH can only be based on symptoms, it should be considered when hypopituitarism or sellar mass-effect symptoms appear in cancer patients under treatment with this class of drugs. This IRAE, if promptly suspected, may be presumptively diagnosed and treated, thus avoiding life-threatening complications, namely, acute adrenal insufficiency. Appropriate correlative studies on anti-CTLA-4 -IH may contribute to improving our knowledge regarding the pathophysiology of pituitary autoimmunity.
